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Supplemental material
Wang et al., https://doi.org/10.1083/jcb.201901155

Provided online are nine tables in a PDF. Table S1 lists the yeast strains used in this study. Table S2 lists the plasmids used in this study.
Table S3 lists the reaction formulae used in the standard computational model. Table S4 lists the reaction formulae used in the
monomeric-receptor variation of the computational model. Table S5 lists the equations corresponding to Fig. S3. Table S6 lists the
reaction-diffusion equations used in the computational model. Table S7 lists the equations that describe the local delivery rates of
receptor dimers and heterotrimeric G proteins in the computational model. Table S8 lists the variables and parameters used in the
computational model. Table S9 shows the sensitivity of model performance to the most critical unpublished parameters.
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Figure S1.  Pheromone induces translocation of Sst2-GFP from the cytoplasm to the PM. MATa cells expressing Sst2 tagged with GFP in situ were imaged
before and 60 min after isotropic pheromone treatment. Representative DIC and fluorescent images are shown. The arrowheads indicate the Sst2-GFP signal
on the PM.
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Figure S2. Ste2-GFP and GFP-GP tracking rates. Fluorescent intensities of Ste2-GFP and GFP-GP in MATa cells that formed zygotes were quantified with
Image]. Polarized crescents were defined as comprising the pixels with values >20% greater than the mean signal intensity of the PM. Tracking rates were
determined by plotting the position of each crescent’s leading edge as a function of time and taking the slopes of the lines resulting from linear regression. (A)
Representative plot and linear regression of Ste2-GFP during tracking. (B) Representative plot and linear regression of GFP-GB during tracking. (C) Box
scatterplots showing the mean tracking rates of the receptor and GPy reporters. Ste2-GFP = 0.135 + 0.013 and GFP-GP = 0.130 + 0.013 um/min + SEM; n = 20
for each (two trials); P = 0.80. The red dots indicate the tracking rates of the cells represented in A and B.
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Pheromone gradient —

Figure S3. Spatial model of the yeast PM. r, cell radius; d, surface distance between neighboring wedges given by Eq. 1 in Table S5.
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Figure S4. The initial distributions of inactive receptor dimers and heterotrimeric G proteins in the standard computational model compared with
the experimentally determined distributions of the receptor and GP taken from Fig. 2 (Start). The experimentally determined plots represent the
normalized and averaged distributions of the receptor (left) and GB (right). n = 20 for each reporter.
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Figure S5. Outputs of the key parameters that underlie tracking in the standard model. The x axis of each plot corresponds to the cell circumference.
Vertical black lines indicate the peak values of each parameter at each time point. The green panels show the applied pheromone gradient. The dashed green
and red boxes indicate the start and end of tracking, respectively. Total receptor, total GBy, AA receptor dimer (AA), active Ga, inactive Ga, and the cumulative
internalization of IA-receptor dimer bound to one heterotrimeric G protein (i-1A-G) are shown from top to bottom. F.I,, fluorescence intensity.
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- Video 1. Animation of receptor, GBy, AA, and i-IA-G outputs from the standard model. The x axis of each plot corresponds to

- the cell circumference. Vertical black lines indicate the peak values of each parameter at each time point. The green panel (top)

f shows the applied pheromone gradient. Total receptor, total GBy, AA receptor dimer (AA), and the cumulative internalization of IA-

o e receptor dimer bound to one heterotrimeric G protein (i-IA-G) are shown from top to bottom. The distributions of parameter levels
A

HACG . oooeeee around the cell circumference are shown in 1-min intervals for 500 min.
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Video 2.  Animation of receptor, Ga, and inactive Ga outputs from the standard model. The x axis of each plot corresponds to
the cell circumference. Vertical black lines indicate the peak values of each parameter at each time point. The green panel (top)
- shows the applied pheromone gradient. Total receptor, active Ga, and inactive Ga are shown from top to bottom. The distributions of
.. Inactive Ga

% swwaaws parameter levels around the cell circumference are shown in 1-min intervals for 500 min.
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2 Video 3. Animation of representative outputs from the reorientation simulation. The x axis of each plot corresponds to the cell
5 circumference. Vertical black lines indicate the peak values of each parameter at each time point. The green panel (top) shows the
applied pheromone gradient. The pheromone gradient was rotated 90° at 201 min. Total receptor, total GBy, and AA receptor dimer
. (AA) are shown from top to bottom. The distributions of parameter levels around the cell circumference are shown in 1-min intervals
s for 500 min.
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Video 4. Animation of representative outputs from the modified model with two initial polarity sites on the same side of
the cell relative to the gradient source. The x axis of each plot corresponds to the cell circumference. Vertical black lines indicate
the peak values of each parameter at each time point. The green panel (top) shows the applied pheromone gradient. Total receptor,

® total GBy, and AA receptor dimer (AA) are shown from top to bottom. The distributions of parameter levels around the cell cir-

cumference are shown in 1-min intervals for 280 min.
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Video 5. Animation of representative outputs from the modified model with two initial polarity sites on opposite sides of
the cell relative to the gradient source. The x axis of each plot corresponds to the cell circumference. Vertical black lines indicate
the peak values of each parameter at each time point. The green panel (top) shows the applied pheromone gradient. Total receptor,
B total GBy, and AA receptor dimer (AA) are shown from top to bottom. The distributions of parameter levels around the cell cir-

cumference are shown in 1-min intervals for 280 min.
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: Video 6. Animation of representative outputs from the standard model challenged by two equal gradients. The x axis of each
- plot corresponds to the cell circumference. Vertical black lines indicate the peak values of each parameter at each time point. The
» green panel (top) shows the applied pheromone gradient. Total receptor, total GBy, and AA receptor dimer (AA) are shown from top
P i to bottom. The distributions of parameter levels around the cell circumference are shown in 1-min intervals for 150 min.
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% Video 7. Animation of representative outputs from a modified model with two initial polarity sites challenged by two equal
% gradient sources. The x axis of each plot corresponds to the cell circumference. Vertical black lines indicate the peak values of each
parameter at each time point. The green panel (top) shows the applied pheromone gradient. Total receptor, total GBy, and AA
» receptor dimer (AA) are shown from top to bottom. The distributions of parameter levels around the cell circumference are shown in
P ssawaes 1-min intervals for 200 min.
Wang et al. Journal of Cell Biology S6

Deterministic gradient sensing in mating yeast https://doi.org/10.1083/jcb.201901155


https://doi.org/10.1083/jcb.201901155

	Mating yeast cells use an intrinsic polarity site to assemble a pheromone
	Introduction
	Results
	Gradient
	Far1 is the first to appear at the DS, followed sequentially by Gβ, the receptor, and Sst2
	Localization of Gβ to the DS requires Far1–Cdc24 interaction but not receptor polarization
	Gβ tracking depends on receptor phosphorylation but not on receptor internalization and polarization
	Exocytosis concentrates toward the front and endocytosis toward the back of the tracking receptor crescent
	The CS is established where the sensory and secretory components stop tracking and are corralled by endocytosis
	A computational model simulates GTM tracking and stabilization
	Singularity contributes to mating fidelity

	Discussion
	Differential receptor phosphorylation directs the PC upgradient and promotes stabilization at the CS
	Global internalization and assembly
	Tracking
	Stabilization

	Default polarity and gradient tracking in other organisms

	Materials and methods
	Molecular and microbiological techniques
	Yeast strain construction
	Plasmid construction
	Time
	Image analysis
	Computational modeling
	Reaction network
	Spatial model
	Reaction–diffusion system
	Variables and parameters

	Online supplemental material

	Acknowledgments
	References

	jcb201901155si.pdf
	Outline placeholder
	Supplemental material
	Wang et al., https://doi.org/10.1083/jcb.201901155
	Provided online are nine tables in a PDF. Table S1 lists the yeast strains used in this study. Table S2 lists the plasmids  ...






<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 299
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 299
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




